Study Purpose. Injury remains the leading cause of death in children aged 1 to 4 years.
INTRODUCTION
Injury remains the leading cause of death in children aged 1 through 4 years, and injury death rates for infants younger than 1 year are more than twice that for older children. 1' 2 One-fourth of all emergency room visits are for an injury among children younger than 5 years old, and many of these injuries occur in and around the home, most commonly due to falls. 3 Estimating the true risk of injury is challenging because injury assessment across studies is often based on different sources of data. Estimates of injury incidence from hospitalization or emergency room records are only based on injuries that are attended medically; children who are not seen by a health care provider due to issues of severity, access, or expense are omitted from such estimates. Obtaining information about the true extent of the injury problem, particularly in low-income communities in which injuries may be less likely to be attended medically due to differentials in access to care, presents an important methodological challenge for injury researchers. The occurrence of events with the potential for causing injury (e.g., falls, having access to dangerous items) represents a measure of children's exposure to injury risk and therefore is an appropriate substrate for prevention. However, information on prevalence of events with injury-producing potential is rarely available from surveys or other routinely collected data sources.
Studies of determinants of injury risk among young children have focused most often on the individual or microlevels, examining characteristics of the child and family 4' 5 or housing and home environments. 6 However, the importance of macrolevel contextual factors in influencing individual behaviors and health outcomes is being recognized increasingly in the public health and social science literature. 7-1~ Contextual effects may be especially important to consider when examining child health issues such as injury since the safety of infants and young children is dependent at least partially on the environment in which they grow and develop J ' 11 Past studies of environmental determinants of injury in children 6' 12-14 have limited their examination to the physical hazards that produce injury (e.g., unfenced pools, lack of child-resistant packaging) or the social environment that protects individuals through legislation and regulation (e.g., seat belt laws, toy safety standards), is When characteristics of the environment are considered in injury control, macrolevel social conditions typically were not included until
recently. A study in the United Kingdom 16 found that both the individual-level family characteristics and a neighborhood-level measure of social deprivation contributed to the risk of being injured among preschool age children. To add to this literature and to enrich our understanding of how to best target risk reduction efforts for behavioral and environmental determinants of injury, a contextual analysis of community-and individual-level risk factors using appropriate statistical methods would be useful.
As part of a larger study on the association of community characteristics with health outcomes, we collected information on events with the potential to produce injury in households with young children in three low-income urban neighborhoods in Baltimore City, Maryland. Our specific research objectives were 1. To describe the prevalence of events with injury-producing potential among households with infants and young children in three low-income communities in Baltimore City.
2. To determine whether and how selected neighborhood economic and physical characteristics within these low-income communities were related to differences in risk of events with injury-producing potential among households with infants and young children.
3. To assess whether neighborhood economic and physical characteristics modify the relationship between individual risk factors and selected events with injury-producing potential.
METHODS

DATA COLLECTION
A household survey was conducted in three communities (clusters of census tracts) in Baltimore City in 1994. This survey was part of a local evaluation effort for a nationwide community-based infant mortality reduction demonstration project called Healthy Start. Baltimore City was 1 of 15 US sites chosen for this demonstration project, which began in late 1991.
The random household survey was conducted between May and July 1994.
Interviews were conducted by persons hired from the three communities; they received special training for the survey. Households in the three communities were sampled using the following procedures. A complete list of hundred blocks within each of the three communities was obtained; within each community, 80 hundred blocks were selected randomly. For each block, a house was chosen randomly and approached for possible participation. Every third house after the first house was approached for participation until members of four households were interviewed on that block. Chosen blocks that were found subsequently to be nonresidential (e.g., business sites, vacant lots or parks, or industrial settings)
were replaced with blocks newly chosen at random. This process was followed until 300 interviews per community were completed. Interviewers were allowed to return to the blocks three times to complete four interviews. Respondents had to be between the ages of 18 and 65 and were chosen from among the adults at home by a preset criterion each day (e.g., oldest adult home, second to the youngest adult home). There were 894 completed, of which 288 were from homes with children younger than 5 years.
ASSESSMENT OF I'VENTS WITH INJURY-PRODUCING POTENTIAL
As part of the survey, a set of questions related to childhood injuries was asked of respondents from households that had a child under the age of 5. There were 12 questions related to events with potential to produce injury; the time frame for purposes of the survey was the past month. For each of the 12 outcomes, the respondent was asked whether such an event had occurred to a child within the household and, if so, the age of the child involved. These 12 events were selected because they reflect the typical scenarios associated with the most common serious injuries in the preschool-aged population and because effective prevention strategies exist. Furthermore, we sought to gain comprehensive information about events with injury-producing potential that could occur in the home or outside the home (e.g., falling down stairs, being nearly hit by a car, falling from a bike) as community approaches to reducing injury should focus on both areas. No assumption or inference was made regarding whether the event actually led to bodily damage constituting an injury. A child could be exposed to all 12 events without incurring an injury or be exposed to 1 event that led to serious injury. The aim of the questions was to assess the frequency of hazardous, potentially injurious events in the community.
THE DEPENDENT VARIABLE: FREQUENCY OF I='VENTS WITH INJURY-PRODUCING POTENTIAL
A variable was created that summarized the number of these events that occurred, a count between 0 and 12. Because the survey was constructed to determine if any child in the household had experienced an event, households with more children potentially would have higher average numbers of incidents. In the case of the 54 households (19%) in which more than one child experienced an event, the summary of events was reduced to include either the child with the greatest number of reported injury events or, if there were two or more children with the same number of events, the youngest child. Although this has the potential to overestimate the prevalence of events, the bias is minimal (see Results section).
INDIVIDUAL-LEVEL iNDEPENDENT VARIABLES
There were four demographic characteristics of the adult/parent respondent available from the survey that were used in the present analysis: employment status (not employed vs. employed part or full time); age (categorized into intervals); gender; and length of residence in the neighborhood (<1 year, 1-2 years, 3-5 years, 6-10 years, >10 years).
NEIGHBORHOOD-LEVEL INDEPENDENT VARIABLES
Eighteen census tracts, referred to here as "neighborhoods," comprised these 
STATISTICAL METHODS
To answer the first research question, descriptive statistics were calculated on the individuals in our study and on the neighborhoods, including the prevalence of injury-producing events in the three communities. The variation in prevalence of the injury-producing events across neighborhoods then was examined. This not only gave us information about the heterogeneity of low-income communities with respect to neighborhood economic and social organizational factors and injury risk, but also helped us to determine which variables to include in our multilevel analysis. The final phase of statistical analysis was to conduct multilevel Poisson regression modeling. Using this statistical method, we examined whether neighborhood factors were associated directly with events with injuryproducing potential, as well as any modifying effects that neighborhood characteristics may have on individual-level factors and outcomes (i.e., cross-level interactions between neighborhood-and individuaMevel variables). Multilevel
Poisson regression analysis was performed using the statistical software package
MLn. 17 This software package allows the analysis of any number of levels of data. Use of MLn, or a similar package that accommodates multiple levels of data, was necessary to account for the multiple sources of random components of the model. The rationale and method are described in greater detail in the Appendix.
RESULTS;
|NDIVIDUAL AND NEIGHBORHOOD CHARACTFRISTICS Table I summarizes selected characteristics of the individuals and neighborhoods included in this study. Of the 896 households surveyed, 288 (32%) had a young child under the age of 5 living in the home and supplied the data for our analyses.
In regard to individuaMevel characteristics, a majority of respondents to this survey were employed and female. Approximately half were younger than 30
years. There was a relatively equal distribution in length of residence. Neighborhoods in this study, which were all economically poor, showed considerable variation in their average per capita income, in addition to variation in housing and crime indicators (see Table II ). Interestingly, neither the housing nor crime indicators shows a consistent relationship to income.
The overall prevalence of the injury-producing events in I month is summarized in Crime rate is number of total crimes (personal + property) per 100 individuals.
window, and nearly drowning were all the least frequent. As these numbers may be inflated by multiple children per household, the prevalence of events including only 1 child per household is noted in Table III The frequency of events with injury-producing potential across households is presented in Table IV . None of the 12 injury-producing events were experienced O'CAMPO ET AL. 
MULTILEVEL MODEL OF COUNTS OF EVENTS WITH INJURY-PRODUCING POTENTIAL
A Poisson regression model was constructed for the outcome event of injuryproducing potential, first using individual-level factors alone. Then, neighborhood-level characteristics were added to the model with potential interaction terms and appropriate random variation elements. Final models were derived using a backward stepwise procedure based on likelihood calculations. unit change in the independent variable. The reference child's injury frequency, denoted by the value of the intercept, is for a child living in a home in which the adult respondent was unemployed, male, younger than 20 years, and had lived in the home for less than 2 years. The reference child's neighborhood had zero per capita income, zero crime rate, and zero housing violations. The reference child's injury frequency was e ~ or 1.57 injuries, which is nearly identical to the average injury frequency (1.55 injuries) noted in Table IV .
Among the four individual-level factors, age of the respondent was the only significant predictor of injury-event frequency (P < .05). For each increase in age interval (see Table I ), there is an expected decrease of e -~176 or 0.9 fewer injury events. Thus, children in households with older respondents are predicted to have a lower number of events with injury-producing potential after adjusting for employment status, length of residence in the home, gender, and neighborhood characteristics.
Among the three census tract-level variables, the rate of housing violations was a significant predictor of injury events (P < .05). As this variable is expressed as number of violations per 100 households, a 1% increase represents an increase of e ~176 or 1.0 injury events. Children living in census tracts with poor housing tended to have a higher number of injury events after adjusting for per capita income, crime rate, and individual-level variables.
In regard to the third study objective, no interaction terms between individual and census tract-level variables were found to be significant. The final model does not include these terms.
DISCUSSION
This study utilized a survey of households in 18 low-income census tracts to estimate rates of events with injury-producing potential affecting young children and associated risk factors at the individual level as well as the community level. A multilevel Poisson regression model was constructed that allowed for identifying significant predictors of frequency of events with injury-producing potential.
While all the census tracts included in this sample are considered low income, substantial variability for housing and crime indicators for these neighborhoods was observed. Interestingly, housing violations and crime rates did not correspond directly with average income. These economically deprived communities represent a heterogeneous collection of contexts, some with poor housing and high crime rates, others with better housing and low crime rates, and many with mixed levels of housing quality and crime.
In addition to the variation seen among indicators of census tract impoverishment, we observed variation in the prevalence of various events with injuryproducing potential across contexts. In some census tracts, many children experienced falls within the home. In other census tracts, falls were less common, while getting hold of dangerous items was more common.
A few potential biases may alter the validity and generalizability of these findings. These events with injury-producing potential are based on the survey respondent report, and the respondent may or may not have been the child's primary caretaker. Another potential bias is related to the enumeration of children within households and injury prevalence. This study asked if any child under the age of 5 years living in the household experienced one of the 12 events with injury-producing potential. In conducting the analyses, one child per household was chosen to represent the household in cases for which more than one child was reported to have experienced the event. While this did not alter the prevalence of the events greatly, the denominator reflects a proportion of households and not a proportion of young children living in these census tracts. While 65% of households in this study reported having a young child experience an event with injury-producing potential, this does not imply that 65% of children in these census tracts experienced such events. Nevertheless, that almost two-thirds of households with young children had such events in a 1-month period underscores the need for injury prevention interventions. Information regarding the number of uninjured children living in each household might have provided a clearer sense of the injury prevalence. However, the purpose of the analysis was not to describe precisely the prevalence of injury in this population, but rather to begin to articulate a community perspective of injury risk and hazardous environments.
There is no comparable data on the prevalence of injury-producing events in middle-class and upper-class communities. Inferences and comparisons between income strata are not possible for this reason. While it would be useful to pursue this question in future research, studying determinants of injury risk within lowincome urban areas is important in its own right given the high rates of injury mortality and morbidity among children in these environments. 14' 1s-2~
A multilevel Poisson regression model indicates that survey respondents of older age reported significantly fewer child injury events, most of which occurred within the home, after adjusting for other individual and census tract characteristics. If one assumes that a majority of the respondents (i.e., parents, grandparents)
are primary caregivers to the children, then the age of the caregiver is related significantly to injury event frequency, with younger parents possibly presenting a higher risk to the children. This would be consistent with other studies of family characteristics and child injury risk. ]6 The multilevel model also indicates that the quality of housing within a census tract is a significant predictor of injury event frequency. Children living in census tracts with many housing violations are more likely to incur a greater number of injury events after adjusting for per capita income and crime rate. This is not simply an ecological analysis of individual houses, however. The community with poor housing presents challenges to the child who lives in a structurally dangerous home, but also presents challenges to other children who play in or near dilapidated houses.
The community with poor housing may have higher injury event prevalence because a greater proportion of the total environment is in need of repair, beginning first and foremost with the houses. it is possible to assess not only the direct effects of the neighborhood-level factors, but also the moderating effects of the neighborhood factors on the individuallevel variables. In the equations above, ~01Incomej represents the direct effect of income on the counts of events with injury-producing potential, and ~11Income F (Age)q represents the moderating effect of income on the relation between age of the respondent and the counts of events with injury-producing potential. For example, we could determine whether the protective effect of being an older respondent was similar in neighborhoods of high or low income or whether the protective effect was more prominent in neighborhoods with different levels of income.
